A successful protocol for adventitious shoot regeneration was developed from the nodal explant derived callus tissue of Cassia alata. Greenish friable callus was induced from the cut surface of the nodal explants on MS medium supplemented with 1.5 mgl -1 2,4-D within twenty days of inoculation. The calli differentiated into adventitious shoots when they were cultured on MS medium supplemented with 1.5 mgl -1 2,4-D and 0.5 mgl -1 Kn. In this treatment, the highest number of shoot induction per callus was 6.0 ±1.0. The callus derived shoots rooted on MS medium containing 1.0 mgl -1 IBA within ten days of culture. The in vitro grown plantlets were acclimatized and successfully transferred to natural condition with 80% survival.
INTRODUCTION
Cassia alata is an endangered tropical medicinal plant belonging to the family of Caesalpiniaceae. In Bangladesh, this plant is known as "Dadmardan" or "Dadmari" (Kirtikar and Basu, 1994) . This plant is erect, annual large spreading shrub with irregular, angled, glabrous branches (Sarma, 2003) with yellow flowers of short pedicels, spiciform, pedunculate raceme (Kirtikar and Basu, 1994) and fruit is flat, terete, winged, hirsute (Boonkerd et al., 2005) . Different parts of this plant contain various kinds of alkaloid such as rhein, β-sitosterol, chrysophenol and kaempferol (Sarma, 2003) . The plant also contains anthraquinone derivatives such as aloe-emodin, chrysophanol, emodin and physcin that are well known to exhibit a variety of biological activities, such as, antimicrobial, antifungal, antitumar, antioxident, cytotoxin and hypoglycemic activities (Fernand et al., 2008) . The leaves of this plant are regarded as an excellent medicine for ringworm disease, itching, cough, asthma, snake-bites, eczema, herpes and skin diseases (Kirtikar and Basu, 1994) . This species is of economic interest for its wide ranging pharmacological activity and one of the major constraints in utilizing natural populations is the existence of plant to plant chemovariability. That is why, there is an increasing awareness in people for the use of this herbal medicinal plant day by day. The market and public demand has been so great that there is a great risk of this medicinal plant that may face either extinction or loss of genetic diversity (Siddique, 2005) .
In nature, the propagation of C. alata through seeds is difficult because of their hard seed coat -a trait which explains its sparse distribution. It is, therefore important to develop a protocol for in vitro propagation to save this medicinally important taxon from further depletion of its population, at the same time to meet up the demand of the traditional medicine industry. Micropropagation offers a great potential for large scale multiplication of such useful species and subsequent exploitation (Boro et al., 1998) . There are many reports on media compositions and protocol establishment for the in vitro propagation of several medicinal plants, such as Cassia fistula, C. occidentalis, C. hirsuta, C. obtusifolia, C. angustifolia, C. siamea (Mondal et al., 1998) and other medicinal plants (Sudhersan and Hussain, 2002) . But there are no reports on in vitro propagation in this valuable medicinal plant. The present investigation reports the in vitro propagation technique that can be used as a potential tool for large scale production and preservation of this valuable germplasm.
MATERIALS AND METHODS
For this investigation, mature seeds of Cassia alata were collected from the Campus of Rajshahi University, Bangladesh. The seeds were washed thoroughly in running tap water for 1 hour, then in 1% tween-80 for 10 minutes and washed for several times with autoclave distilled water. For surface sterilization, the pretreated seeds were rinsed in 90% ethyl alcohol for 1 minute and washed with autoclave distilled water for several times to remove traces of alcohol. Seeds were germinated on MS (Murashige and Skoog, 1962) medium.
The nodal explants were aseptically excised (appropriate size 1 cm) from ten days old in vitro grown seedlings and inoculated on MS medium containing different concentrations of 2,4-D for callus induction. The calli were cultured on MS medium containing different combinations and concentrations of 2,4-D and Kn for shoot proliferation. Callus derived shoots were isolated and cultured in different concentrations of IBA for root induction. Well rooted plantlets were acclimatized and transplanted in the field condition. Throughout the experiments full strength MS medium with 3% sucrose (W/V) and 0.8% (W/V) of agar was used. The pH of the medium was adjusted to 5.7 before addition of agar. The media were autoclaved at 121ºC for 21 minutes. All cultures were maintained at 16 hour photoperiod with 3000 lux light in intensity at 25±2°C. After an interval of 30 days, the experiment was terminated, and the data with respect to cultures producing shoots, number of shoots in each culture, height of the shoots, number of shoots rooted and root lengths were recorded.
RESULTS AND DISCUSSION

Callus induction
MS medium supplemented with different concentrations of 2,4-D were used for callus induction. Within ten to twenty days of culture, callus induction started at the cut surface of the nodal explants, when cultured on MS medium supplemented with 0.1-2.5 mgl -1 2,4-D (Table 1 ). The highest percentage of callus induction from nodal explants was 93.3% on the medium containing 1.5 mgl -1 2,4-D and the lowest percentage of callus induction (20.0%) was on MS medium having 0.1 mgl -1 2,4-D. In all the treatments, the induced calli were greenish in color and nodular in nature (Fig. A) .
Shoot regeneration
For shoot regeneration, the nodal segment derived calli were subcultured in MS medium supplemented with different combinations and concentrations of 2,4-D and Kn. As per the data recorded (Table 2) , the highest mean number of shoots per callus was 6.0±1.0 in MS medium consisting of 1.5 mgl -1 2,4-D and 0.5 mgl -1 Kn (Fig. B-C) . On the contrary, MS medium supplemented with 0.1 mgl -1 2,4-D and 0.5 mgl -1 Kn showed lowest mean number of shoot induction (2.0±1.0). However, an increase or decrease in the concentrations and combinations of 2,4-D and Kn showed a negative trend in shoot proliferation. In this investigation, shoots were developed from the callus and the regenerated shoots were elongated and rooted. There were significant differences in regeneration frequencies, number of shoots/callus and average length of shoots. As stated by Martin (2002) the high morphogenic efficiency of nodal segment derived callus may be due to the presence of some internal components from the pre-existing axillary buds that are essential for induction of callogenesis. Shoots regeneration via a callus phase was the simplest way to induce somaclonal variation and thus pave the way for improvement of the species (Thorpe et al., 1991) . Such types of plant regeneration was also reported in many medicinal plant species including Abrus precatorius (Biswas et al., 2007) , Acmella calva (Senthilkumar et al., 2007) , Phellodendron amurense (Azad et al., 2005) , Plumbago zeylanica (Das and Rout, 2002) and Holosma ada-kodien (Martin, 2002) . Callus derived shoots were isolated ( Fig. D) and cultured in different concentrations of IBA (0.1-2.0 mgl -1 ) for root induction. The highest mean number of roots per shoot was 5.0±1.0 in MS medium consisting of 1.0 mgl -1 IBA (Table 3 ; Fig. E ). On the other hand, MS medium having 2.5 mgl -1 IBA showed lowest mean number of root induction and that was 2.0±1.0. Thus, 1.0 mgl -1 IBA was found to be an ideal treatment for root induction. Similar root induction was reported by Rahman et al. (2008) in Vanda tessellata, Biswas et al. (2007) in Abrus precatorius, Karuppusamy et al. (2006) in Vanasushava pedata, Chaplot et al. (2006) in Plumbaga zelanica and Thiruvengadam and Jayabalan (2000) in Vitex negundo. After 30 days, well rooted plantlets were achieved in the present study. Subsequently, the plantlets were removed from agar medium and planted in small pots containing sterile sand, soil and humus in the ration of 1:2:2 (Fig. F) . The potted plantlets were covered by transparent polythene sheet to maintain high humidity and within 15-20 days new leaves were emerged from the plantlets that resumed new growth. After 50-55 days, the plants were transplanted in the field condition, where 80% plants survived and their growth was satisfactory. In this investigation, a reproducible protocol for plant regeneration was established through callus induction from nodal explants in C. alata. It is expected that a standard protocol to induce callus and rapid proliferation of shoots through in vitro culture would provide a more homogeneous source of medicine.
